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Surface impedance modification of plates in a water-filled waveguide

P S Dubbelday

Naval Research Laboratory, Underwater Sound Reference Detachment,
P.0.Box 568337, Orlando F1 32856-8337

ABSTRACT: The interaction of parallel waves, propagating in a water-
filled cyliodrical waveguide, with a plate perpsndicular to its axis
is determined by the plate’s specifiz-acoustic impedance, the
product of demsity and wave speed. By neans of an attached
piescelectric disk-shaped double transducer, (seasor and actuator),
the apparent surfsce ismpedance of the plate is modified to equal the
impedance of the medium, thus establishing a no-reflection
situation. The actuator voltage is regulated by a feedback loop,
based on as algorithm for complex-root Iinding.
L ad

1. INTRODUCTION

Ia this investigation, plane waves propagate in a cylindrical
vaveguide, and intersct with a disk-shaped plate with specific acoustic
inpedance p_c_, where p_ is the density and c  the dilatational wave
speed in the plate material. In a previous study (Dubbelday and Homer
1991), it was shown that by attaching a layer of piesoelectric material
(actustor) to the plate, one can establish a condition of no-
transwission through the plate, by regulating the voltage of the
actuator through a feedback loop that reduces the voltage output of a
sensor, placed behind the plate, to sero. The feedback loop was closed
by a computer that perforass its task by meaas of an algoritha from
complex-root-finding concepts.

To establish a no-reflection condition, one needs two items of
information to drive the actuator, in order to distinguish the incoming
wave from the reflected wave. These could be derived from two pressure
transducers, or one prassure transducer aand one velocity transducer.
In the analysis presented here it is shown that one smay establish s no-
reflection condition by mesns of two active layers attached to the
plate. The voltage of one of these, the actuator, is governed by a
feedback loop, based on the same algorithm as referred to above, that
uses the vol.tage signal from the other layer, the sensor.
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WAVEGUIDE AND TRANSDUCERS T I
A sketch of the waveguide used in this
experiment is shown in Figure 1. This e

Laboratory, Underwater Sound Reference i
Detacimeat) types G18 calibrator (Naval »o prrrrer
Research Laboratory 1982). A plane 30a00
wave is created in the water-filled
tube by a coil-driven piston in the

bottonm.

The double transducer is constructed '.

fzom two layers of active material,

each 3.3 mm thick. The active material —— \-—-—-—

is NTK Piezorubber, PR-308.

(Piesorubber is a trademark of NIX Fig. 1. Experimental
Technical Division, NCK Spark Plug Co., ment in G19 calibrator.
Nagoys, Japan.) It consists of Pbriﬂs -

particles embedded in a neoprene elastomer matrix. The ceater
electrode is common to both tramsducer disks, and is kept at ground
potential. The shields of the transducers and the shields of the
coaxial cables are electrically connected together and to ground. The
polarisation of the two transducers is antiparallel.

ANALYSIS OF DOUBLE TRANSDUCER “T"" "';W"'VW
It is assumed that the operation of ‘____.__/
the two transducers, attached ta the
plate, may be sdequately described (e (1
by a model sketched in Figure 2. "——WJ
The second subscript indicates the ‘ ! 'v:; T; // i
transducer, 1 for the actuator, and | /’// li'n"\
2 for the sensor. —— L TT /’
e, 11t
The basic equations are derived in -~ ‘.'l','/ 7,
Auld (1973) in the thin-disk ! / A

approximation, for which the lateral

dimension is much larger than the Fig. 2. Interaction of incoming
thickness. They form a set of six wave with plate and double
linear relations between the four transducer.

surface forces per uait of ares fi‘ and the four surface velocities v
(where i,j = 1,2), the two voltages Vl and V2 for the actuator ana
sensor, respectivaly, and the current density Jl in the actuator. It
is assumed that the sensor does not draw current. For the sake of
better insight into the analysis it is assumed that the actuator and
sensor consist of the same material, and have identical dimensions. Of




e a——,

Hydrodvnamic Applications

course this assumption is not esgential to the prinmciple of the -oéhod.
Lafleur et al (1981) give relations for the case where the cwo layers
are not idemtical.

At the interfsce between the transducers one has the coaditioas 122 -
511 = Q and Y51t Yoo = 0, thus there is a total of eight equations for
‘he eight unknowns. In the experiment, the quantity Vl is set, and the
quantities Vz and Jl can be measured. Thus, in principle, one can
¢xpress the eight unknowns iz terss of these obsmervable quantitics.
‘hen the algebra is carried out one finds the physically plausible
result that the current density J1 is mainly determined by the specific
capscity of the transducer, and only a small fraction of J1 plays »
part in the computation, thus posing impossible demands on the accuracy
of the current measurement.

‘Therefore a different approach-is followed. Without any voltage
ispressed on the actuator and its terminals not connectad, one observes
two voltages Vlo and Véo. Since the current density J1 is now "known®,
being equal to sero, it is possible to express the eight forces aad
vol.ociei.u_ Ao teras of the voltages Vo and Yon-

Prom these expressions one may infer the impedance to the wave at the
interface betwesen actuator aand plate, 2, = - £5, / vgy- Vith this
sxperimentally determined value of z_, one may solve the original
equations for !12 and Y90 ia teras of éhc set actuator voltage Vl, and
the observed sensor voltage Vz.

It is assumed that z_ stays constant for a sufficiently long time, to
establish the sero condition for the function w = £12 =2 Yi9s where
z; is the desired impedance of the sensor surface to the incoming wave.
For the no-reflection condition 2, = p, ¢, the specific acoustic
impedance of the medius.

FEEDBACK ARRANGEMENT

The -establishment of the desired input impedance of the plate-
transducer combination amounts pathematically to finding the zero of
the function w. The right-hand side may be considered as a composite
function of the voltage impressed on the actuator A (considered as the
independent complex variable z). Both fio and v , are deternined in
teras of V, and V, by solution of the basic equations, 3s sketched
above. The observed sensor voltage V., is a function of Y, through the
pbysical setup. Thus a complex function w = f(2) is identified, partly
defined by mathematical expressions and partly by the experimental
arrangement. This function does not have to be linear, but it should
be analytic. Mathematically the problems reduces to finding the root(s)
of the analytic complex function . Froa the various methods for root-
finding available, the secant cethod proved quite successful, Lecause
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the function is almost linear, and may be supposed to have only one
root.

Ino the present study of no-reflection, whereby the impedance 55 is set
equal to the impedaace p o of the watercolusn, the root-finding
algoritha worked ss well as before. The desired status of a traveling
wave between piston and plate was not established, however. A
comparison was made between the values computed for the stress and
velocity at the seasor separately and values measured by a miniature
hydrophone near the sensor and an accsleromatsr mounted on the sensor,
respectively. The agreement for pressure was reasonably good, Figure
3, but not so for the velocity; Figure 4. Various causes wers
investigated, but thus far no solution hss been found.
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Fig. 3. Comparison of pressure Fig. 4. Comparison of velocity
from double transducer (solid) from double transducer (solid)
with messurement by hydrophone with measurement by accelero-
(dashed). meter (dashed).
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